In neuromuscular disease (NMD), respiratory muscle weakness (RMW) is common and death often results from respiratory failure. RMW initially causes sleep-related hypoventilation, with sleep disruption. With progression, daytime respiratory failure ensues. Bulbar muscle weakness causes diffi culty with speech and swallowing, often complicated by recurrent aspiration. Effective cough and airway clearance requires good inspiratory, expiratory and bulbar muscle function. Severe bulbar impairment is associated with poor tolerance of, and response to, non-invasive ventilation (NIV) in acute and elective settings. In addition to assessing the pattern and severity of muscle involvement, it is important to consider whether the underlying disorder is reversible (eg Guillain-Barré syndrome [GBS]), stable or only slowly progressive (eg post-polio syndrome or myotonic dystrophy) or rapidly progressive (eg amyotrophic lateral sclerosis [ALS]).
In neuromuscular disease (NMD), respiratory muscle weakness (RMW) is common and death often results from respiratory failure. RMW initially causes sleep-related hypoventilation, with sleep disruption. With progression, daytime respiratory failure ensues. Bulbar muscle weakness causes diffi culty with speech and swallowing, often complicated by recurrent aspiration. Effective cough and airway clearance requires good inspiratory, expiratory and bulbar muscle function. Severe bulbar impairment is associated with poor tolerance of, and response to, non-invasive ventilation (NIV) in acute and elective settings. In addition to assessing the pattern and severity of muscle involvement, it is important to consider whether the underlying disorder is reversible (eg Guillain-Barré syndrome [GBS] ), stable or only slowly progressive (eg post-polio syndrome or myotonic dystrophy) or rapidly progressive (eg amyotrophic lateral sclerosis [ALS] ).
Symptoms and signs
Breathlessness often presents late, particularly if mobility is limited, and should be assessed on exertion, performing activities of daily living, talking and in relation to posture. Diaphragmatic weakness causes orthopnoea and breathlessness when immersed in water and intercostal muscle weakness causes breathless when upright; therefore, patients with generalised RMW might be most comfortable semi-reclined. Of importance, patients with bulbar impairment can confuse the sensation of choking on lying fl at with orthopnoea.
During 
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expiratory muscles are also weak, airway clearance is further compromised.
Clinical signs of RMW include rapid shallow breathing, use of accessory muscles, reduced chest expansion, reduced breath sounds, abdominal paradox (inward movement of the abdomen on inspiration; specifi c to diaphragmatic weakness), and weak cough and sniff. Signs of intercostal muscle weakness with preserved diaphragmatic function (eg spinal muscular atrophy) include bell-shaped chest deformity and chest paradox. Scoliosis, possibly with evidence of surgical correction, might be present, particularly in childhood-onset NMD. Signs of respiratory failure include central cyanosis, coarse tremor, dilated veins, bounding pulse, papilloedema, confusion and drowsiness.
Assessing respiratory function
The severity of RMW is often underestimated clinically and, in rapidly progressive NMD, survival following the onset of symptoms might be only a few weeks or months. In ALS, regular assessment of respiratory symptoms and function is associated with increased use of elective NIV, 1 reduced tracheostomy ventilation (TV) and, in patients with good bulbar function, improved survival. 2 It is important to assess bulbar function, because this determines the approach to assessment of RMW, and cough effectiveness. The interval between assessments depends on the rate of disease progression (eg GBS: at least daily, ALS: approximately three monthly). Bulbar function can be assessed by using the Norris Bulbar Score or the bulbar sub-score of the revised Amyotrophic Lateral Sclerosis Functional Rating Scale. Moderate air leak resulting from facial or bulbar muscle weakness can be overcome by the use of an adapted anaesthetic facemask. In patients without severe bulbar impairment, respiratory function should be monitored using spirometry and, if available, sniff nasal inspiratory pressure (SNIP), and maximum inspiratory (MIP) and expiratory (MEP) pressures. Pulse oximetry and, if abnormal, capillary or arterial blood gases should be performed. Spirometry is widely available and reproducible. Vital capacity (VC) predicts survival and, in combination with symptoms, is commonly used to select patients for ventilatory support. Supine VC is diffi cult to perform if mobility is limited, but compared with sitting VC, it is a better index of diaphragmatic function and a >20% fall indicates diaphragmatic weakness. Compared with VC, SNIP is more sensitive to early RMW and is a better predictor of hypercapnia and death. 3 However, SNIP and MIP are less reproducible and possibly less reliable in inexpert hands. Cough effectiveness can be assessed by peak cough fl ow (PCF).
Patients with severe bulbar impairment perform volitional tests of respiratory function poorly; greater reliance should be placed on oxygen saturation, capillary or arterial blood gases, nocturnal oximetry and transcutaneous pCO 2 . If sleep-related symptoms are present, limited or full sleep studies are useful.
Assisted ventilation
In GBS, RMW can progress rapidly and bulbar function is often impaired. Consequently, invasive ventilation is usually more appropriate than NIV. Clinical features on admission inform the risk of early respiratory failure (Table 1) ; 4 however, this should be combined with frequent monitoring of symptoms and VC.
In stable and progressive NMD, NIV improves survival compared with historical controls 5-9 and those patients who decline or are intolerant of treatment. 10,11 Generally, survival on NIV refl ects the rate of disease progression. NIV improves quality of life (QoL) and symptoms, particularly orthopnoea and symptoms related to sleep disturbance and hypercapnia.
The most common conditions encountered in adult life are ALS and Duchenne muscular dystrophy (DMD); indications for elective NIV are shown in Boxes 1 and 2.
In ALS, a randomised controlled trial (RCT) showed that NIV improved survival (7 months), symptoms and QoL in patients without severe bulbar impairment. Patients with severe bulbar impairment showed no survival benefi t, but sleep-related symptoms improved (Fig 1); 12 however, such patients may gain a modest survival advantage if NIV is well tolerated, 11 or if the patient is hypercapnic, but not normocapnic, at the time of initiation. 2 This might refl ect the balance of risks and benefi ts of administering NIV to patients with poor airway protection. By contrast, in patients with good bulbar function, earlier initiation of NIV in patients with orthopnoea but normal daytime PaCO 2 improves outcomes. 13 Initiation of NIV based on physiological impairment with minimal or no symptoms has been advocated, but remains controversial. Compared with NIV, TV offers potentially longer survival, particularly if bulbar function is poor, but the burden experienced by carers is greater 14 and home care is less feasible. Overall, patients receiving TV report poorer QoL, although this is strongly infl uenced by the higher proportion of such patients in institutional care.
In DMD, two RCTs comparing early intervention to standard NIV showed confl icting results. In the fi rst trial, early NIV was associated with higher mortality. During respiratory tract infections, patients undergoing NIV were less likely to receive invasive ventilation and most deaths occurred in patients managed at home. 15 The more recent RCT included patients with other NMD and chest wall restriction and required confi rmation of nocturnal hypoventilation (transcutaneous (F)VC = (forced) vital capacity; MIP = maximum inspiratory pressure; pCO2 = partial pressure of carbon dio xide; PTCCO2 = transcutaneous pCO2; SNIP = sniff nasal inspiratory pressure; SpO2 = oxygen saturation measured by pulse oximeter. pCO 2 >6.5kPa). In the early intervention arm, NIV improved gas exchange and those who declined early NIV were more likely to require emergency ventilation. 16 Once NIV has been initiated, the strongest prognostic indices are compliance 13,17 and bulbar function. Other predictors of longer survival include good nutritional status, younger age and good upper limb function. 13 Dementia is associated with poor adherence to NIV and gastrostomy feeding and shorter survival.
Volume recruitment and airway clearance
Volume recruitment techniques assist the patient to take a deep breath in, helping to reverse and prevent atelectasis. Examples include frog (glossopharyngeal) breathing and breath-stacking (an ambu-bag and one-way valve is helpful). Alternatively, a ventilator or Mechanical Insuffl ator-Exsuffl ator (MI-E) on insuffl ation mode can be used.
Cough assist techniques should be performed routinely if PCF <160 l/min and during respiratory tract infections or following procedures requiring sedation if PCF <270 l/min. An effective cough requires a deep breath in, glottic closure and expiratory muscle contraction to generate positive pressure, followed by glottic opening resulting in an explosive cough. In patients with NMD, after a deep breath in, abdominal or thoracoabdominal trusts can be used to assist cough effort. More effective airway clearance can be achieved using a MI-E. In patients with a tracheostomy, MI-E is more effective than deep suctioning and avoids trauma. In patients with poor bulbar function, MI-E is less effective, although a Guedel airway can be used to prevent airway collapse.
Acute decompensation
Episodes of acute decompensation, with acute on chronic type 2 respiratory failure, can be triggered by upper or lower respiratory tract infections, mucus impaction, posture, sedatives or uncontrolled oxygen therapy. 18, 19 Unfortunately, it is not widely appreciated that uncontrolled oxygen therapy can cause potentially life-threatening carbon dioxide retention in patients with RMW; injudicious use can be the primary precipitant of, or contribute to, acute respiratory failure. Oxygen, if required, should be prescribed and administered by Venturi mask, with target oxygen saturations of 88-92%. 20 Most patients have severe RMW and will require long-term ventilation, particularly if the underlying condition is ALS or DMD 19 rather than a more slowly progressive condition, such as myotonic dystrophy. In patients without severe bulbar impairment, NIV combined with use of a MI-E reduces the length of stay in the intensive care unit and the incidence of ventilator-associated pneumonia, and probably improves survival. Compared with intubation, sedation is avoided and communication is better preserved, facilitating discussions with the patient about both acute and long-term management. By contrast, in patients with severe bulbar impairment, NIV is associated with poor outcome and, if long-term 
Key points
Respiratory symptoms are often only apparent when respiratory muscle weakness is severe; assess and monitor lung function Uncontrolled oxygen therapy can lead to potentially fatal carbon dioxide retention Patients with severe bulbar impairment might confuse the sensation of choking on lying fl at with true orthopnoea and perform volitional lung function tests poorly In patients without severe bulbar impairment, non-invasive ventilation (NIV) improves symptoms, quality of life and survival, and offers advantages over invasive ventilation, including in the acute setting It is important to consider not only ventilatory support, but also volume recruitment and assisted cough techniques KEY WORDS: Neuromuscular disease, respiratory muscle weakness, non-invasive ventilation, Duchenne muscular dystrophy, amyotrophic lateral sclerosis ■ tracheostomy ventilation is acceptable to the patient, they should be intubated. Otherwise, alternative palliation might be more appropriate. Occasionally, patients with NMD present before diagnosis in respiratory failure. This is more common with respiratory onset disease, and recognition of RMW and diagnosis of the underlying NMD can be delayed.
